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(54) Method of making a layer with high dielectric K, gate and capacitor insulator layer and device 



(57) A method of making a gate or capacitor insula- 
tor structure using a first grown oxide layer (3), depos- 
iting a high-k dielectric material (4) on the grown oxide 
layer and then depositing an oxide layer (5). The de- 
posited oxide layer is then desirably densified in an ox- 
idizing atnriosphere. A conductive layer (6), such as a 



gate or capacitor plate, may be then formed on the de- 
posited oxide layer The resulting structure has a first 
grown oxide layer (3). a high-k dielectric material (4) on 
the grown oxide layer, and a deposited oxide layer (5) 
on the high-k dielectric oxide layer. Conductive layer (6) 
on the deposited oxkie layer may be used as a gate or 
a capacitor plate. 



FIG. 1 
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Description 

Baclcground of the in vntion 

Raid of the invention 

This invention relates to integrated circuits in gen- 
eral and. more particutarty. to gate/capacitor dielectrics 
having a high dielectric constant (high K). 

Description of the Prtor Art 



reduced defect and leakage problenis of the heretofore 
approaches of device fabricatton incorporating high di* 
electric constant materials. 

5 Sumnwry of the Invention 

This and other aspects of the invention nnay be ob- 
tained generally with a method o1 making an integrated 
circuit according to claim 1 . Further, the above aspects 
10 may be obtained generally with an integrated circuit hav- 
ing a structure as recited in claim 6. 



As feature sizes on Integrated circuits get smaller. Brief Description of the Drawing 

the amount of capacitance for a given circuit element 

decreases, such as with a memory storage capacitor, is The foregoing features of this invention, as well as 

and operating voltages are decreased. the invenlkxi itself, may be more fully understood from 

Fortransistorstooperate reliably at tower voltages. the following detailed description of the drawings, in 

the threshoW voltage of the transistor is con-espondingly which: 
lowered. One approach to lower the threshold voltage 

is to thin the insulating layer (usually a single layer of FIG. 1 is a cross section of a partially formed exem- 
silicon dbxide) separating the transistor gate from the plary transistor having a gate oxide fabricated ac- 
transistor channel. But at very th'm insulating thtekness- cording to one embodiment of the invention; and 
es (e.g.. an oxide layer thickness of less than 3.5 nm). FIG. 2 is a cross section of a partially fabricated ex- 
the oxide layer suffers from pinholes and leakage may empla7 poiysilicon-to-polysi(icon capacitor with a 
be too large. Further, if the oxide layer is less than about ss dielectric layer fabricated according to another em- 
2.5 nm, tunneling of electrons from the transistor chan- bodlment of the invention, 
nel may occur, degrading transistor performance. Alter- 
natively, the gate may be effectively 'moved' closer to Detailed Description 
the channel by incorporating a high dielectric constant 

(k) material as the gate insulator between the gate and 30 Generally, the invention may understood by refer- 

the transistor channel. However, this approach with ring to FIG. 1. As discussed below in more detail and in 

high-k materials (such as ferroelectric dielectrics) has accordance with one embodiment of the invention, a wa- 

not been entirely satisfactory because of defects within fer 1 having an oxidizable layer 2, here a silicon sub- 

the dielectric and also at the silfcon/dielectric interface. strata but may be any oxidizable layer such as a poly- 
due for example by laltice mismatch, causing excessive 3S silicon layer, has grown thereon an insulating layer 3. 

gate to substrate leakage. the layer 3 being preferably an oxkJe of the substrate 2. 

The reduced feature size and lower operating volt- On the layer 3 is deposited a layer of a high dielectric 
age is of special concern with dynamic memories where constant material 4 (referred to herein as a high-k die- 
capacitors are used to store information. As more mem- lectric material), to be described betow. Over layer 4 is 
ory cells are added to a given memory array and feature deposited an oxide layer 5. Preferably the deposited ox- 
sizes are decreased so that the extra cells can be added ide layer 5 is densified. 

within a reasonable chip size, the size of the storage In more detail, the wafer 1 Includes an exemplary 
capacitors are correspondingly decreased. With lower silicon substrate 2 which has grown thereon an oxide 
capacitance of the storage capacitors and reduced volt- layer 3, here a silfcon dioxide layer with the silicon corn- 
age on the capacitors, the memory may become more ing substantially the substrate 2. The layer 3 is prefera- 
error prone. To compensate for the reduction in capac- biy grown in a conventional dry oxidizing atmosphere at 
itor size and still maintain capacitance, two approaches 0.25 to 1 0 torr and 650" to 900'C to form 1 to 2 nm thkrk 
can be used singly or in combination: dielectric thinning oxkJe. the thfcknesses not being critical but of sufficient 
and increasing the dielectric constant. But the same thickness to avoid substantial pinhole formation and a 
problems with both approaches discussed above apply so good substrate/oxide interface. While the oxide is pref- 
here as well. erably grown In a dry atmosphere, it may be grown in a 

From a practical point of view, the use of high-k ma- wet (sleam) atmosphere, 
terials may be the most desirable choice to solve the The layer 3 is believed to help reduce strain be- 
above problems at feature sizes of 0.35 ^m and betow tween the later deposited high-k dielectrk; layer 4 and 
If the leakage/defects problems can be satisfactorily ss the underlying silicon substrate 2 and provides a good 

interface with the silicon to reduce undesired surface 

Therefore, there exists a need for incorporating high stales in the silicon. Without the layer 3. it is believed 

dielectric materials into integrated circuit designs with that a lattice mismatch between the substrate 2 and the 
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later deposited layer 4 creates delects at the interface 
between the layers, decreasing the overall quality of the 
dielectric. 

Over the grown dielectric layer 3 is deposited a layer 
or layers 4 of a high-k dielectric material, which by way 
of example may be a ferroelectric dielectric material, this 
material having a dielectric constant greater than that of 
silicon dioxide. This material may be of group of mate- 
rials including Ta2 O5, TiO 2, SrO 3, and perovsktte ma- 
terials of the form MTO^, where M may be Sr. Ba, (.a. 
Ph_ Ba, Sr,,,. and Ph^ La,.,,. It is understood that com- 
binations of these layers may be used or interposed in- 
sulating layers, such as silicon dioxide, may be added. 
Exemplary thickness of the layer 4 is from 2 to 20 nm 
and done in a plasma enhanced, ton-beam assisted, or 
ozone low pressure chemical vapor deposition (LPCVD) 
or metalorganic chemical vapor deposition (MOCVD) 
processes. Examples of these processes are as dis- 
closed in 'Preparation of (Ba. Sr)Ti03 Thin Films by 
Chemical Vapor Deposition using Liquid Sources.'by T. 
Kawahara et ai.. Japanese Journal of Applied Physk:s. 
V33. no. 10. 1934. pp. 5897 - 5902. and •Preparation of 
PbT103 Thin Films by Plasma Enhanced Metafc>rganic 
Chemical Vapor Deposition/ by E. Fuji et al., Applied 
Physk:s Letters, Vol. 65, no. 3. 1994. pp. 365 - 367, in- 
cluded herein by reference. 

After the formation of layer 4. a layer 5 of silicon 
dioxkje is deposited. This layer is preferably 1 to 3 nm 
thick and preferably formed in a LPCVD reactor (not 
shown), preferably the same as that used to deposit lay- 
er 4. Typical source gasses for the silkron include tetra- 
ethylorthosillcate gases (TEOS) or silane. 

The layer 5 may be desirably densified by exposing 
the wafer 1 to a conventional densification anneal proc- 
ess in an oxidizing ambient atmosphere. An example of 
such a process step is in an LPCVD reactor operating 
at a pressure of 250 millitorr to 1 0 torr with temperatures 
between 650' and 900'C for approximately 5 • 20 min- 
utes. The oxidizing atmosphere may include NgO to add 
nitrogen to the layer 5. 

The densification step helps improves the overall 
quality of the layer 5. renwve traps (defects) In the layers 
3 - 5. and reduces the overall leakage through the layers 
3-5. 

An exemplary conductive layer 6, such as polysili- 
con, is shown on layer 5. This layer 6 may be a gate or 
one plate of a capacitor (the other plate being the sub- 
strate 2 or an upper layer not shown), the combination 
of layers 3 - 5 being referred to herein as a gate or ca- 
pacitor insulating layer It is understood that the densi- 
fication step described above may be done after the for- 
mation of layer 6 with the attendant oxidation of the layer 
6 if unprotected. 

An alternative embodiment is shown in FIG. 2 for 
an exemplary polysilicon-to-polysillcon capacitor struc- 
ture. Here a wafer 1 0 has thereon an insulating layer 1 2 
to separate an exemplary oxkJizable and conductive lay- 
er 1 3. such as amorphous or polysillcon (the amorphous 



silicon being rendered conductive at a later step). Lay- 
ers 14 - 16 correspond to layers 3 - 5 in FIG. 1 as de- 
scribed above. Layer 17. also preferably a conductive 
layer, along with layer 1 3 forms the plates of a capacitor 
s while layers 14-16 form the capacitor insulating layer. 
While silicon is described as the material type for 
the substrate and other layers, it is understood that other 
materials may be used, such as GaAs. InR etc. 
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Claims 

1 . A method of making an integrated circuit having an 
oxklizable layer (2) with a surface, including the 
step of: 

growing an oxide layer (3) on the oxidizable sur- 
face; and characterized by the steps ol 
depositing a high-K dielectric layer (4) on the 
grown oxide layer; and 

depositing an oxide layer (5) on the high-k die- 
lectric layer 



2. The method as recited in claim 1 . further comprising 
the step of: 

densifying the deposited oxide in an oxidizing 
atmosphere. 



30 



3$ 



40 



3. The method as recited in claim 2, wherein the high- 
k dielectric layer is selected from the group of 
Ta205. ri02. and perovskite materials. 

4. The method as recited in claim 2, wherein the per- 
ovskite material is of the form MTiO^, where M is 
selected from the group of Sr. Ba. La. Ti, Pb. 
Ba,Sr^.,and Pb.La,,^ 

5. The method as recited in claim 2, wherein the oxide 
layers are oxides of silicon, and the oxidizable layer 
is a silk:on substrate. 

6. The method as recited in claim 5. further comprising 
the step of depositing a conductive layer on the de- 
posited oxide layer. 

7. An integrated circuit having an oxkiizable fayer (2) 
with a surface having a grown oxide layer (3) on the 
oxidizable surface; characterized by 

a high-k dielectric layer (4) on the grown oxide 
layer; and 

a deposited oxide layer (5) on the high-k die- 
lectric layer. 



ss 8. The integrated circuit as recited in claim 7, wherein 
the deposited oxide layer is a densified deposited 
oxide layer. 
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9. The integrated circuit as recited in claim 8. wherein 
the high-k dielectric layer is selected from the group 
of Ta 20s, TiO 2. and perovskite materials. 

10. The integrated circuit as recited in claim 8. wherein s 
the perovskite material is of the form MTi03, where 

M is selected from the group of Sr. Ba, La. Tl. Pb. 
Ba, Sr and PhJiA 

11. The integrated circuit as recited in claim 8, wherein io 
the oxide layers are oxides of silicon, and the oxi- 
dizable layer is a silicon substrate. 
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FIG. 2 
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